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Abstract 
With the aim of better understanding the optical characteristics of the East Asian aerosols and 
their climatological impacts, we analyzed multiyear data collected at typical sites of SKYNET 
network that represent aerosols of different origins and backgrounds. Aerosol optical parameters 
and their climatic impacts in the urban areas were observed to vary spatially and temporally 
having different values of aerosol optical parameters and heating rate. This study suggests that the 
Asian dust aerosols near the source region may have weak light absorption capacity and weak 
heating rate. For the study conducted in biomass burning active area, we noted the existence of 
optically thicker small size ranged aerosols having signification contribution in aerosol heating 
rate during biomass burning season. By analyzing data collected at the East China Sea region, the 
study suggests that, especially in the spring season, air masses from the arid and urban regions of 
the Asia may transport aerosols of different origins to cause the aerosols of this region optically 
thicker and more light absorptive in nature that can have strong heating rate. 
1. Introduction 
Aerosols, the suspended particles in our atmosphere, are known to have adverse effects 
on human health, agriculture, visibility reduction, climate change and so on. In the field 
of atmospheric science, aerosols are being studied for last several years because they are 
known to influence the Earth's climate directly and indirectly. The physical, chemical, 
and radiative characteristics of such aerosol particles are known to vary spatially and 
temporally. Such characteristics of aerosols have made it difficult to understand the roles 
of aerosols on regional and global climate change. However, understanding the roles of 
aerosols on regional and global climate change is important to not only atmospheric 
scientists, but also to policy makers and general public. 
The East Asia is recognized as one of the important sources of both anthropogenic and 
natural aerosols. The aerosols emitted from this region can transport over long distances 
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to cause significant direct and indirect climate forcing to change the Earth's climate on 
regional and global scale (Khatri et al., 2010; Takamura et al., 2007; Nakajima et al., 
2007). Because of the complicated nature of the East Asian aerosols and their potential 
impacts on regional and global climate change, the atmospheric and climate research 
communities have paid their attention to understand the physical, chemical, and optical 
characteristics of aerosols of this region. As a result, several field studies, such as 
Transport and Chemical Evolution over the Pacific (TRACE-P) (Jacob et al., 2003), 
Asian Pacific Regional Aerosol Characterization Experiment (ACE-Asia) (Hubert et al., 
2003), Asian Atmospheric Particle Environmental Studies (APEX) (Nakajima et al., 
2003), Atmospheric Brown Cloud East Asian Regional Experiment 2005 (EAREX 2005) 
(Nakajima et al., 2007) had been conducted in this past in this region. Though those field 
observations performed detailed investigations about aerosol particles of this region, the 
study periods were limited at specific locations. As the aerosols vary spatially and 
temporally, it is necessary to use long term observation data of multiple locations for the 
purpose of understanding the characteristics of the East Asian aerosols and their roles on 
regional climate in detail. Such type of study has become possible now because of the 
existence of SKYNET network. SKYNET (http://atmos.cr.chiba-u.ac.jp/) is a network for 
observations of aerosols, clouds, radiation, and meteorological parameters. This network 
has a various kinds of instruments at different parts of the Asia and Europe. Data 
collected at different sites by various types of the instruments are transferred to the data 
server of Chiba University through different ways. The observation data of this network 
have been widely used to understand aerosol climatology in regional and/or global scale 
as well as to validate several data products obtained from satellite sensors and numerical 
model simulations. Among several instruments in this network, the sky radiometer, 
manufactured by PREDE Co. Ltd. Japan, is the key instrument to monitor columnar 
aerosols. This instrument is similar to the CIMEL sun photometer of AERONET, which 
is operated by NASA. In this study, we study the optical characteristics of the East Asian 
aerosols and their roles on atmospheric heat budget by using long term observation data 
of sky radiometer collected at different SKYNET sites. 
2. Instrumentation and Data - 13 -
The sky radiometer can measure spectral direct and diffuse intensities at predefined 
scattering angles and wavelengths. Presently there are two models of sky radiometer: 
POM-01 and POM-02. The POM-01 and POM-02 instruments can measure direct and 
diffuse intensities up to 7 and 11 wavelengths, respectively. POM-02 is the improved 
version, which can be even used to measure cloud optical thickness. Generally, the 
wavelengths, in which the absorptions caused by atmospheric gases are negligible, are 
chosen in the sky radiometer for aerosol observations. The standard wavelengths for 
aerosol observation are 0.4, 0.5, 0.675, 0.87, and 1.02 microns for POM-01 and 
additional wavelengths of 0.34 and 0.38 microns for POM-02. An inversion program, 
named as Skyrad.pack (Nakajima et al., 1996), is available to derive columnar aerosol 
optical parameters such as, spectral aerosol optical thickness, single scattering albedo, 
asymmetry parameter, refractive indices as well as volume size distribution. Table 1 
summarizes the observation sites, dominant aerosol types, model of the sky radiometer, 
and observation period for data used in this study. As shown in Table 1, we selected 
typical observation sites of SKYNET network that have aerosols of different 
characteristics and backgrounds. In this study, we used data collected at (i) five different 
urban areas, where human activities are dominant and aerosols are mainly anthropogenic, 
(ii) Dunhuang(40.146°N,94.799°E), China, where dust aerosols are dominant throughout 
the year, (iii) Phimai, Thailand(15.184°N,102.565°E), where biomass burning activities 
are m large numbers during the dry season, and (iv) Fukuejima, 
Japan(32.752°N,128.682°E), which is basically a remote site, but can receive long range 
transported aerosols from the continental regions of the East Asia. Data collected at 
above mentioned different sites, which represent typical atmospheric scenarios of the 
East Asia, allow us to study the optical characteristic of aerosols of different sources and 
their impacts on atmospheric heat budget. 
3. Data analysis method 
Skyrad.pack is the software package to analyze data observed by sky radiometer 
instrument. The theotrical background of the Skyrad.pack software is described by 
Nakajima et al. (1996). Figure 1 shows the standard data analysis procedure of sky 
radiometer instrument. In order to analyze sky radiometer data, at first, two calibration - 14 -
constants, namely solid view angle (Li.Q) and calibration constant for direct irradiance, i.e. 
VO are required. There are several methods to determine Li.Q in the laboratory as 
described by Nakajima et al. (1996). Similarly, V0 is generally determined using Normal 
Langely method, which basically needs very high stable atmospheric condition and need 
to take the instrument to high mountains. Such techniques of determining Li.Q and Vo are 
laborious, expensive, and time consuming. 
Table 1. Site name, dominant aerosol type, sky radiometer model, and observation period 
for data used in this study. 
Site (Latitude, Dominant aerosol type Instrument Observation period 
Longitude) type 
Chiba, Japan POM-02 2005/09-2011/02 
(32.625°N, 140.104 °E) 
Seoul, Korea POM-01 2005/11-2011/02 
(32.46°N, 126.949°£) Anthropogenic aerosols 
Pune, India POM-01 2004/01-2009/06 
(18.53 7°N, 73.805°E) 
Delhi, India POM-01 2006/02-2007 /04 
(28.629°N,77.174°E) 
Rome, Italy POM-01 2009/10-2011/02 
( 41.905°N, 12.548°£) 
Dunhuang, China 
( 40.146°N,94. 799°E) 
Dust aerosols POM-01 1998/10-2006/12 
Phimai, Thailand Biomass burning POM-02 2005/01-2010/12 
( 15 .184 °N, 102. 5 65°E) aerosols in the dry season 
Fukuejima, Japan Marine and long ranged POM-02 2006/03-2011/02 
(32. 752°N, 128.682°£) transported aerosols 
The greatest advantage of the sky radiometer instrument is that those calibration 
constants can be determined using normal observation data themselves. The sky 
radiometer uses disk scan method and Improved Langley method to determine Li.Q and 
V0, respectively. The details of those methods are reported by Nakajima et al. (1996). In 
order to determine Li.Q, disk scan data are required. They are data measured by the 
instrument by scanning the area of 2°x2° around the solar disk form up to down and from 
left to right with an angular resolution of 0. 1 °. The Skyrad.pack software package 
contains a program to calculate Li.Q using such disk scan data. Figure 1 shows the flow 
chart to calculate V 0• The method to calculate VO is denoted by solid black lines in Figure - 15 -
1. In brief, after determining �Q using disk scan data, the measured direct and diffuse 
intensities up to the scattering angle of 30° are used in the Skyrad.pack inversion program 
along with data of surface reflectance, columnar ozone concentration, and atmospheric 
pressure to determine the optical thicknesses of aerosols, atmospheric gases, and ozone 
through radiative transfer simulation. From the latitude and longitude of observation area 
and local time, solar zenith angle (00) can be calculated. 00 can be approximated to optical 
air mass(m0) according to mo =1/cos00• Thus determined total optical thickness due to 
aerosols, atmospheric gases, and ozone and optical air mass(m0) for observation data of 
certain days can be used with corresponding measured direct intensities to determine V 0• 
As Vo is the important parameter for the estimate of volume size distribution and other 
important optical parameters such as, single scattering albedo, phase function, refractive 
indices etc, we applied a strict data screening criteria and estimate the monthly averaged 
V 0. From the time series of VO , one can also understand the possible problem in the 
instrument during observation. Basically, the time series of VO should not show up and 
down, but it may decrease linearly with the passage of time due to filter degradation. 
Thus determined VO for each month is then again used with sky radiometer observed 
direct and diffuse intensities up to maximum scattering angle, �n, surface reflectance, 
columnar ozone concentration, and atmospheric pressure data to calculate spectral 
aerosol optical thickness, single scattering albedo, and refractive indices as well as phase 
function and volume size distribution. The flow chart of this calculation is given by red 
solid lines in Figure 1. The quality check and cloud screening of thus retrieved aerosol 
optical parameters were done using the algorithm of Khatri and Takamura (2009). Thus 
obtained aerosol optical parameters were used in SB DART radiative transfer model 
(Ricchhiazzi et al. 1998) to estimate aerosol radiative forcing at the surface and top of the 
atmosphere (TOA) as well as heating rate. 
It is important to note that the reported values in this study are analyzed using version 
4.2 of Skyrad.pack software by using wavelength independent surface reflectance of 0.1 
and constant ozone concentration of 0.3 atm-cm. Version 5.0 of Skyrad.pack software has 
been also developed recently. In future, we plan to analyze data using both versions 4.2 
and 5.0 softwares with improvement in the data analysis technique. In the future, all data 
will be reanalyzed by using spectral surface reflectance from MODIS sensor and ozone 
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concentration from OMI sensor by keeping much strict criteria to select data while 
estimating monthly averaged Vo. Furthermore, the quality check of data will be performed 
by combing the cloud-screening algorithm of Khatri and Takamura (2009) and more 
additional data screening criteria of Hashimoto et al. (2012). lmpro,·ed langle1.· method 
Cloud screened aerosol 
optical parameters 
T(i.), w (i.), g (i.) , dV/dlnR, 
mr(O-),, mi (i.)) 
Figure 1. A standard data analysis procedure of sky radiometer. 
4. Aerosol climatologies over different observation areas of different atmospheric 
scenarios 
4.1. Urban area 
Figure 2 shows the monthly variations of (a) aerosol optical thickness (AOT) at 
500nm , (b) angstrom exponent, ( c) single scattering albedo (SSA) at 500nm, ( d) aerosol 
forcing at the surface, ( e) aerosol forcing at the top of the atmosphere (TOA), and (f) 
aerosol heating rate for data collected at different urban sites of SKYNET network. In 
urban areas, generally aerosols are produced due to human activities. In Figure 2(a), we 
observed different values of AOT(500nm) at different urban areas, which was obvious as 
human activities and the level of air pollutants can be different at different regions. It is 
likely that values of AOT(500nm) are higher during summer months in comparison to - 17 -
other months. This might be due to excess water vapor in the atmosphere in the summer 
months than other months. The water soluble aerosols can increase their size then AOT 
can be increased under such atmospheric condition. Figure 2(b) shows monthly variations 
of angstrom exponent. Angstrom exponent is a parameter describing the wavelength 
dependency behavior of AOT. Higher the angstrom exponent, smaller the size of 
dominant aerosols and vice versa. As shown in Figure 2(b ), the values of angstrom 
exponent were higher than 1.0 during all months for all urban areas, except for two urban 
areas of India. The high values of angstrom exponent suggest the presence of relatively 
small size ranged aerosols. The anthropogenic aerosols produced from human activities 
in the urban areas are small in size and they can have such relatively large angstrom 
exponents. Interestingly, both urban areas of India show the gradual decrease of angstrom 
exponent up to the middle of the year and then gradual increase. Similar phenomenon 
was reported by Padithurai et al. (2008) for observations conducted at New Delhi. 
Padithurai et al. (2008) suggested that dust aerosols from Thar desert and vicinity 
gradually transport from March to June. Such mid range values of angstrom exponent 
suggest the mixture of dust and anthropogenic aerosols. Figure 2(c) shows monthly 
variations of SSA(500nm). We observed dissimilar values of SSA(500nm) at different 
months for different urban areas. As urban areas are the sources of both strong light 
absorbing aerosol, such as black carbon and strong light scattering aerosol, such as 
sulfate, SSA(500nm) depends on the relative amounts of such light scattering and 
absorption aerosols. In Figure 2(c), we observed large variations in SSA(500nm) during 
winter months and less variations in summer months among values of different urban 
areas. Noting that winter and summer months are generally dry and wet, respectively, the 
largely scatted values in the winter months for different urban areas may resemble the 
relative amount of light absorbing BC aerosol. Figures 2( d), 2( e ), and 2( f) show the 24 
hours averaged monthly variations of aerosol radiative forcing at the surface and top of 
the atmosphere (TOA) as well as heating rate, respectively. Those parameters depend on 
the values of aerosol optical parameters including, AOT, SSA, and angular distribution of 
phase function. Depending on the different magnitudes of aerosol optical parameters at 
different urban aerosol, their climatological impacts are different. For example, in Figure 
2(a), we observed high and low values of AOT(500nm) in the urban atmospheres of - 18 -
Rome and New Delhi, respectively. Because aerosol radiative forcing at the surface and 
TOA strongly depend on the values of AOT and SSA, we observed relatively low and 
high negative values of aerosol forcing at the surface and TOA in the urban atmospheres 
of Rome and New Delhi, respectively. The aerosol radiative forcing at the surface and 
TOA were found to be around -60Wm-2 and -30Wm-2 during May and June in the urban 
atmosphere of New Delhi, which were mainly due to relatively high values of AOT on 
those months. Aerosol radiative forcing is defined as the difference in the net ( downward­
upward) radiative fluxes with and without aerosols. The difference in the aerosol 
radiative forcing between surface and TOA is defined as the atmospheric forcing. The 
atmospheric forcing suggests the amount of energy absorbed in the atmosphere due to the 
existence of light absorbing aerosols. Such energy absorbed by light absorbing aerosols 
can be translated to heat the atmosphere. In Figure 2( f), the heating rates at different 
urban areas are shown. The heating rates for different urban areas were different because 
the amounts of energy trapped in the atmosphere were different on different urban areas 
due to the existence of aerosols having different optical characteristics. 
4.2. Dunhuang, China 
Figure 3 shows the monthly variations of (a)aerosol optical thickness (AOT) at 500nm , 
(b) angstrom exponent, (c) single scattering albedo (SSA) at 500nm, (d) aerosol forcing 
at the surface, (e) aerosol forcing at the top of the atmosphere (TOA), and (f) aerosol 
heating rate for data collected at Dunhuang, China(40.146°N,94.799°E) site of SKYNET 
network. Dunhuang is an arid region with dust as the dominant aerosol in the atmosphere. 
Recently, the light absorption capacity of Asian dust is a subject of debate. For 
observations conducted in the vicinity of the East China sea, some researchers reported 
relatively low SSA when significant dust aerosols arrived the observation area ( e.g,. 
Nakajima et al., 2003; Khatri et al., 2011), though dust aerosols have been reported to 
have SSA as high as 0.95 (Nakajima et al., 1989; Kaufman et al., 2001). For 
understanding the optical characteristics of dust aerosols near the source region, data 
observed at Dunhuang are very useful. As shown in Figure 3(a), the aerosols in the 
Dunhuang region have high AOT during February to May. During this period, Asian - 19 -
dusts emitted from the desert areas of Asia are often observed in the distances far from 
the source region. Figure 3(b) shows low values of angstrom exponent in all months. This 
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Figure 2. Monthly variations of (a)aerosol optical thickness (AOT) at 500nm , (b) 
angstrom exponent, ( c) single scattering albedo (SSA) at 500nm, ( d) aerosol forcing at 
the surface, ( e) aerosol forcing at the top of the atmosphere (TOA), and (f) aerosol 
heating rate for data collected at different urban sites of SKYNET network. 
suggests that coarse mode aerosols are dominant in this region throughout the year. 
Figure 3(b) further shows that the angstrom exponent further decreased during the period 
of February to May. In those months, we observed the increase of AOT(500nm) in Figure 
3(a). This suggests that the large sized dust aerosols are emitted from the Asian dust 
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region during this period. Thus emitted dust aerosols then transport over long distances. 
Figure 3(c) shows the monthly variation of SSA(500nm). The values of SSA(500nm) 
were found to around 0.95 or higher than it during spring season, in which season dust 
aerosols are transported from desert areas to far distances. This quantitative value of 
SSA(500nm) observed in this study agrees with those reported by Nakajima et al. (1989) 
and Kaufman et al., (2001), suggesting that Asian dusts near the source region have 
relatively high SSA. This result gives some clues to explain the observed low SSA values 
by some studies (e.g., Nakajima et al., 2003; Khatri et al., 2011) during the arrival of dust 
aerosols in the East China Sea region. These observed relatively low SSA were likely due 
to a strong interaction between anthropogenic air pollutants and mineral dust aerosols 
(Chuang et al., 2003; Tang et al., 2004) during their transport from the source region 
because dust aerosols when transport from desert and arid regions of the Asia also push 
air pollutants out of the continents of the downstream area (Nakajima et al., 2007). 
Figures 3( d), 3( e ), and 3(f) show the climatic effects of aerosols particles of this region. 
Because of optically thicker aerosols during February to May, we observed decrease in 
aerosol radiative forcing at the surface and TOA on those months in comparison to results 
for other months. As mentioned above, the difference in the aerosol radiative forcings at 
the surface and TOA denotes the amount of energy trapped within the atmosphere, which 
can be translated to heat the atmosphere. In this study, we observed the heating rate less 
than 0.lK/day during all months. 
4.3. Phimai, Thailand 
Phimai site of SKYNET network is regarded to be suitable site to study the optical 
characteristics of aerosols emitted from the biomass burning activities. In this region, 
biomass burning activities are in large number during dry season. Biomass burning 
activities generally produce small size ranged aerosols with light absorbing aerosols such 
as black carbon. In Figure 4, monthly variations of (a)aerosol optical thickness (AOT) at 
500nm , (b) angstrom exponent, ( c) single scattering albedo (SSA) at 500nm, ( d) aerosol 
forcing at the surface, (e) aerosol forcing at the top of the atmosphere (TOA), and (f) 
aerosol heating rate are shown for data collected at Phimai (15.184°N,102.565°E), 
Thailand site of SKYNET network. As shown in Figures 4(a) and 4(b), we observed - 21 -
distinct seasonal variations of AOT(500nm) and angstrom exponent. During the months 
having relatively high AOT(500nm), we observed relatively high values of angstrom 
exponent too. This suggests that the increase in AOT(500nm) in this region were caused 
by small size ranged aerosols, which were possibly emitted from biomass burning and/or 
other human activities in this region. Interestingly, we observed very high monthly 
AOT(500nm) up to around 0.7 with monthly averaged angstrom exponent of around 1.5 
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Figure 3. Monthly variations of (a)aerosol optical thickness (AOT) at 500nm , (b) 
angstrom exponent, ( c) single scattering albedo (SSA) at 500nm, ( d) aerosol forcing at 
the surface, (e) aerosol forcing at the top of the atmosphere (TOA), and (f) aerosol 
heating rate for data collected at Dunhuang, China(40.146°N,94.799°E) site of SKYNET 
network. 
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in March. After reaching the peak values on March, both AOT(500nm) and angstrom 
exponent started to decrease reaching the minimum values on July. Figure 4( c) shows the 
monthly variations of SSA(500nm). The sudden decrease of SSA(500nm) on August is 
not clearly known now. Except the SSA(500nm) value for August, other seasons show 
the value higher than around 0.93. Using the radiative transfer model, we calculated the 
aerosol radiative forcing at the surface and TOA as well heating rate. The aerosol 
radiative forcing at the surface decreased up to around -30Wm-2 on March whereas it was 
only around -10 wm-2 on July when the monthly optical thickness was around 0.2. Due 
to the existence of optically thicker aerosols during February to April, the heating rates 
up to around 0.12K/day were observed in those months whereas the heating rate was only 
around 0.02 K/day in July. 
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Figure 4. Monthly variations of (a)aerosol optical thickness (AOT) at 500nm , (b) 
angstrom exponent, (c) single scattering albedo (SSA) at 500nm, (d) aerosol forcing at 
the surface, ( e) aerosol forcing at the top of the atmosphere (TOA), and (f) aerosol 
heating rate for data collected at Phimai (15.184°N,102.565°E), Thailand site of 
SKYNET network. 
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4.4. Fukuejima, Japan 
Fukuejima(32.752°N,128.682°E) is the super site of SKYNET network, which 1s 
located in the Fukuejima island, Nagasaki, Japan. Basically, the observation site 1s 
located in the remote area, however, this site frequently receives aerosols transported 
from desert, arid, and continental regions of the East Asia. Figure 5 shows the monthly 
variations of (a)aerosol optical thickness (AOT) at 500nm , (b) angstrom exponent, (c) 
single scattering albedo (SSA) at 500nm, ( d) aerosol forcing at the surface, ( e) aerosol 
forcing at the top of the atmosphere (TOA), and (f) aerosol heating rate for data collected 
at Fukuejima(32.752°N,128.682°E), Japan site of SKYNET network. As shown in Figure 
5(a), the monthly averaged AOT(500nm) were higher than around 0.3 during most of the 
months. Such high values of AOT(500nm) were not caused by emissions from local 
sources because there are no major sources of anthropogenic aerosols near the 
observation site. On the other hand, they were due to aerosols transported from long 
distances from the continental regions of Asia. In Figure 5(b ), monthly variation of 
angstrom exponent is shown. As expected, we observed mid range values of angstrom 
exponents during March, April, and May in this observation site because a mixture of 
dust and anthropogenic aerosols are transported to this region in the spring season. The 
low angstrom exponent in July is not clearly known now. In general, fine mode aerosols 
are dominant in this region during all months except March, April, and May. The most 
striking information revealed from data of this site was that monthly SSA(500nm) values 
were around 0.9 or even lower than this. It indicates that aerosols of this region are light 
absorptive in nature. Recalling the fact that there are no major sources of anthropogenic 
aerosols in this region, such low SSA values in this study indicate that the air masses 
arriving this region or passing this region are from urban sectors of the Asia where 
productions of strongly light absorbing aerosol, such as black carbon, is significant. Due 
to the existence of optically thicker aerosols in this region, the aerosol radiative forcing 
vales at the surface were observed to take values lower than -20Wm-2during most of the 
months. On the other hand, the aerosol radiative forcing values at TOA were around -
l 0Wm-2 during most of the months. The difference of aerosol radiative forcing between 
the surface and TOA causes to heat the atmosphere. Comparing to other months, the - 24 -
heating rates were higher during March, April, and May in this observation site. Heating 
rates in between 0.2K/day to 0.3K/day were observed during those months . 
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Figure 5. Monthly variations of (a)aerosol optical thickness (AOT) at 500nm , (b) 
angstrom exponent, ( c) single scattering albedo (SSA) at 500nm, ( d) aerosol forcing at 
the surface, (e) aerosol forcing at the top of the atmosphere (TOA), and (f) aerosol 
heating rate for data collected at Fukuejima(32. 752°N, 128.682°E), Japan site of SKYNET 
network. 
5. Summary 
East Asia is the major source of both natural and anthropogenic aerosols. Those 
aerosols are pointed to affect the climate system of our Earth in different ways. Because 
the aerosols vary spatially and temporally, it is necessary to use long term observation 
data of multiple locations of the East Asia to understand the characteristics of the East 
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Asian aerosols and their roles on atmospheric heat budget. In view of this recognition, 
this study used long-term observation data collected at typical sites of SKYNET network, 
which represent aerosols of different origins, to study the monthly variations of key 
aerosol optical parameters and the climatic effects of aerosols. In this study, we selected 
SKYNET sites located at urban areas, arid region, biomass burning region, and marine 
atmospheric region to cover aerosols of different types. For the study of urban aerosols, 
we selected Chiba(Japan), Seoul(Korea), Pune(India), New Delhi(India), and Rome(Italy). 
For reference, the Indian sites and European site outside of East Asian were chosen. The 
optical properties of aerosols and their roles on atmospheric heat budget were found to be 
different depending on the site. The SSA values at 500nm at those urban sites were found 
to range from 0.8 to around 1.0 depending on the observation site and season. Similarly, 
the aerosol heating rate due to absorption of light by aerosols also ranged from around 
0.02K/day to around 0.25K/day, depending on observation site and season. For the study 
conducted by taking data of arid region of Dunhuang, which may be regarded as the 
suitable site to study the characteristics of Asian dust, we observed that Asian dust 
aerosols may have SSA at 500nm as high as around 0.95, suggesting that Asian dust 
aerosols themselves are weak in aerosol light absorption. From our observation data of 
Dunhuang, we found aerosol heating rate in between around 0.03K/day to 0.07K/day. For 
observations conducted in the Phimai, Thailand, where biomass burning aerosols are 
considerable in the dry season, we noted that both AOT and angstrom exponent can 
increase by the emission of relatively small size ranged aerosols in the dry season. The 
values of SSA at 500nm during dry season were observed to be around 0.94. The heating 
rate increased up to around 0.12K/day in the month with the highest AOT at 500nm, 
whereas the value was around 0.04K/day in the month with the lowest AOT at 500nm. 
Finally, a marine site named as Fukejima, which is located at the East China Sea region, 
was chosen to understand the effects of long range transported aerosols from far distances. 
Interestingly, we observed relatively high AOT and low SSA at 500nm during most of 
the months at this site, suggesting the strong influence of the air masses transported from 
the arid and urban regions of the Asia. The values of SSA at 500nm were observed to 
range in between 0.85 to 0.9. We further observed the mid range value of angstrom 
exponent in the spring season, suggesting the mixture of coarse and fine mode aerosols in 
- 26 -
this season. The heating rate as high as around 0.25K/day was observed in the spring 
season in this region. 
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